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FOREWORD 


This  report  waa  prepar'd  by  the  Anthropology  Section.  Btophyaica 
Branch,  .•^ero  Medical  Laboratory,  Wnght  A:r  Development  Center, 
under  Project  /Z14.  task  n?27,  entitled.  "Biokinematics  and  Work* 
apace".  The  analysia  of  the  data  waa  carried  out  by  .Vntioch  College 
under  Contract  No,.  AF  L%<bQ0k'3Q.  Mrw  Emanuet  iniUated  the  atudy 
and  Mr.  Truett  earned  out  the  atatiatical  phaaea  of  the  work. 

Many  people  aided  materially  in  the  execution  of  the  atudy  and  the 
production  of  the  report.  Dr.  Wilfrid  T.  Dempater,  on  whoae  work 
thia  aiudy  la  baaed,  provided  valuable  advice.  Mr.  H.  T.E.  Hertzberg. 
Chief  of  the  Anthropology  Section,  critically  reviewed  the  manuacript 
and  contributed  many  constructive  s  iggeationa.  The  illuatrations  were 
done  by  Mrs.  Cleona  Allen  and  Miss  Dorothy  E  i:>wcr,  ^nd  Lt.  Glenn 
Alien  served  as  the  model.  Mr.  Edmund  Ciiutchi  i  of  Antioch  College 
provided  advice  on  statistical  matters,  'ne  ph\«ical  preparation  of 
the  report  was  done  by  Mr.  Horace  B.  Clark  ''f  >1 1  Anthropology  Sec¬ 
tion. 
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ABSTRACT 


This  study  reanalyzes  the  data  concerning  the  range  of 
motion  of  human  body  joints  published  in  WADC  TR  55-159, 

Space  Requirements  of  The  Seated  Operator,  by  W.’T.  Dempster. 
The  rcanalyms  le  intended,  to  {itesent  the  information  in  &  form 
more  applicable  to  Air  Force  design  problems.  An  analysis 
of  variance  of  43  joint  movements  for  /our  subgroups  originally 
selected  on  the  basis  of  physique  reieaied  that  12  body  move¬ 
ments  (28%)  were  'elated  to  physique.  The  subgroup  statistics 
were  combined  to  yield  summary  statistics  for  the  total  eamplc 
of  39  young  men.  Design  ranges  were  derived  from  these  total 
group  values.  Descriptions  and  illustrations  of  joint  movements 
are  included.  * 
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SEC  non  I 


INTRODUCTION 

laveati|ation«  into  the  range  of  motion  of  oody  jointr  have  heen  relatively  num> 
eroct.  reaulting  in  a  large  number  of  report*  which  preaent  im'ormjlion  on  thia  aub* 
ject  (aee  bibliography,  page  20).  The  r-iajority  of  thcac  reporta  arc  concerned 
with  queationa  of  definition  and  methodology  and  are  generally  weak  on  atatiatical 
mfarmattcin.  Seme  reporte  which  tncltide  reaelta  elte*  do  not  include  accurate  dc- 
acnptiona  of  tie  niotiona  studied  (Clanville  and  Kreexer,  1937;  Batch,  19SS).  and 
at  least  two  do  rot  give  an  indicatica  of  the  nomber  of  subjects  studied  or  source 
of  the  results  (Batch.  19S5:  TM  No.  HSb). 

Data  on  joint  ranges  have  been  gathered,  for  the  most  part,  through  the  use  of 
go&someters  of  some  form  or  other.  One  of  the  common  types  of  gociometcra  re> 
scm^les  a  protractor  with  a  movable  arm.  The  center  of  xero  point  of  the  protractor 
IS  set  at  the  approximate  ioint  center  and  the  movable  arm  is  affixed  to  the  active 
meeaber.  The  practical  difficulty  of  such  devices  is  that  differing  types  of  ir.stru* 
r*c«'ts  may  give  slightly  different  results.  In  addition,  variant  posit'oning  techniques 
-educe  noncomparabla  data. 

A  recent  study  by  Dempster  (19SS)  corrected  many  of  these  shortcomings  of 
previous  studies.  Dempster  used  a  photographic  method  for  measuring  the  range 
of  snovement  of  body  joints  (Dempster,  19SS.  pp  11  'lb).  There  are  several  obvious 
advantages  to  photographic  recording  of  body  positions.  The  standardisation  of 
positions  is  sasier,  because  the  eobjeci  ie  not  required  to  bold  «a  uncomfortable 
poit  jr«  lor  a  length  of  time.  The  gathering  of  data  is  relatively  rapid,  and  per* 
m«r>eot  lecorde  arc  obtained  which  can  be  reaaalyxcd  if  necessary.  Furthermore, 
th«  sumbar  of  motions  recorded  by  Dempster  exceeds  that  of  any  other  statitiically 
v«lid  sample.  Oempeter'e  etatistl's  arc  reported,  however,  for  four  subgroups 
selected  cn  the  basis  of  physique  and  not  for  the  entire  sample  of  19. 

This  study  rc  'alyxcs  Dempster's  results  so  as  to  combine  the  subgroup  data 
into  more  conver..!  ..t  tabulations  frr  the  designer. 
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SECTION  II 


MATCrUALS  AND  MElHOOS 

The  joint  range  data  publiahed  by  Oempater  are  baaed  on  a  aample  of  39  youof 
men.  Meaaurementa  «ere  taVen  on  the  right  aide  of  the  body  for  right-handed 
eubjecta  and  on  the  left  aide  of  the  body  lor  Left  •handed  indmduala.  The  data  aa 
publiahed  aummarize  mnttona  for  four  aubaamplea  of  the  total  aenea  of  39  collcf* 
atudenta.  The  aubaamplea  are  baaed  on  phyaique  aa  eatimatedby  aomatotypo  ratm^aa. 
Eleven  were  of  median  body  build,  aeven  were  extremely  rotund  (endomorpha),  el«:weaa 
were  extremely  muacular  (meaomorpha)  and  ten  were  extremely  thin  (ecton...<'phaL, 
(Deinpater,  19S5,  pp.  The  aenea,  then,  waa  not  random  with  reaped  to 

aomatotype  (Sheldon,  ‘.,evena  and  Tucker.  1940).  Thia  may  affect  the  reaulta  if  tber 
data  for  the  four  phyaique  groupa  arc  combined,  aince  alight  differencea  m  joint 
mobility  among  the  vartoua  body  typea  have  been  n  ported  (Sinelnikoff  .'nd  Cngora— 
yifitach,  1931;  Deiikpater.  195S,  pn.  106-109). 

TABLE  1 

Compariaon  of  Joint  Motion  Sample  With  Air  Force  Sample 
Preaent  Sample  USAF  Sample 


N  »  39 

N  <  4COOk 

24 

S.D. 

24 

S.D. 

Age 

21.1  yrs. 

3.1 

27.9  yra. 

4.2 

Weight 

169. 7  Ibo. 

36.3 

163.7  Iba. 

20.9 

Stature 

70.  9  tnehee 

2.1 

69.1  inebea 

2.-1 

Ac  romion  Height 

57.7 

2.5 

56.5 

2.3 

Supraalernale  Height 

57.  Z 

2.4 

56.3 

2.2 

C  rutch  Height 

33.2 

2.1 

32.8 

1.7 

Waiat  Ctrcuin‘*-ren':c 

32.0 

4.t 

32.0 

3.0 

Thigh  Circumference 

22.6 

2.8 

22.4 

1.7 

Silling  Height 

36.2 

1.5 

35.9 

1.3 

Shoulder -Elbow  Length 

14.3 

.8 

14.3 

.7 

Knee  Height,  Sit'ing 

»i  7 

1.0 

21.7 

1.0 

Table  1  comparea  Uempatcr'a  aample  with  the  19S0  Air  Force  aample  (He rtibi-rrji. 
Daniela  and  Churchill,  19S-i).  No  atatiat.cal  leata  of  aignifi'ance  were  performed. 
However,  certain  general  obaervationa  may  be  made  concerning  thcae  two  aample*. 
Uempater'a  aample  la  b.  8  yeara  yourger,  b.  0  pounda  heavier  and  1.4  inchev  talleTr 
than  the  Air  Force  aenea.  In  general  thoae  anthropometric  meaaurea  which  are 
iloaely  related  to  weight  are  one  and  one  hall  to  two  limea  more  variable  in  the 
joint  motion  atud>  a'mpl'. 
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The  mobility  of  .*otnts  la  reported  to  be  directly  affected  Lv  the  aex,  age  and 
phyeical  constitution  of  the  individual.  Sinelnskoff  and  CriKon  wiisch  (1931)  invest!  > 
gated  the  magnitude  of  the  differences  in  joint  mobility  due  to  each  of  these  factor*. 
They  tend  to  generalize  and  state  that  constitution  affects  joint  motion  without  st«t* 
mg  which  particular  joints  are  affected.  In  general,  however,  nut  only  Sinelnikoff 
and  Grigorowitscli.but  also  Dempster  (pp.  106  >6)  conclude  that  thin  men  have  grcotei 
joint  mobility  than  muscular  men,  who  in  turn  have  mor  ■'  mobility  than  rotund  men. 

Since  body  type  was  the  single  criterion  according  to  which  Dempster's  sample 
wis  subdivided,  it  seemed  worthwhile  to  test  statistically  whether  physit^ue  was  re  • 
laicd  1 1  Joint  iTiobilitv.  The  results  of  such  a  test  should  not  only  serve  to  compare 
Dempster's  findings  with  those  of  Sinelnikoff  and  Grigorcwitsch,  but  will  also  help 
indicate  whet'‘er  or  not  the  differences  associated  with  physique  are  too  pronounced 
to  warrant  combining  the  data  of  the  various  subgroups.  The  analysis  of  var.  >'.ice 
IS  a  convenient  tool  to  use  in  this  instaiicc.  For  in  addition  to  being  able  to  deteiir.ine 
the  significance  of  the  differences  between  the  subgroup  means,  it  is  also  possible 
to  derive  the  total  group  variance  and  thus  a  total  stanaard  deviation  fur  the  corn- 
bined  group. 

An  analysis  of  variance  in  this  study  urill  indicate  whether  the  difference  between 
subcroups  for  the  movements  arc  greater  than  is  to  be  e^jicctcd  on  the  basis  of 
chance  alone.  Since  the  groups  arc  segregated  on  the  basis  of  physique,  if  statistical 
significance  occurs,  joint  mobility  would  seem  to  be  related  to  physique.  Nw'  all 
joint  movements  would  be  related  to  the  same  degree  with  physique,  and  some  may 
appear  to  be  not  related  at  all. 

Starting  with  the  data  from  Table  S,  pp  107 -198  and  Table  6,  pp  110-112  in 
Dempster's  report,  the  following  computUional  steps  were  taken  'or  each  of  the  43 
joint  niovcmcnls,  Thc''within  sum  of  squares"  (SS^,)  were  computed  by  adding  the 
products  obtained  by  multiplying  each  subgroup  variance  by  the  number  of  subjects 
in  that  subgroup.  The  total  number  .if  subjects  in  the  subgroup  was  used,  since 
this  number  was  the  divisor  used  in  computing  the  subgroup  standard  deviation.  The 
"between  sum  of  squares"  (SS|^f  were  computed  in  the  following  fashion.  The  means 
for  each  subgroup  were  mult. plied  by  the  number  of  subjects  in  that  subgroup.  Vhe 
sum  of  these  products  was  divided  by  the  total  number  of  subjects  to  give  the  total 
group  mean  lor  that  joint  motion.  The  difference  between  the  total  and  each  sub- 
grouo  mean  was  squared  and  multiplied  by  the  number  of  individuals  in  each  c.ttegory. 
These  oro-J*acts  were  then  added,  the  sum  being  the  between  sum  of  sc(uarcs.  The 
total  group  s'jin  of  squares  was  obtained  by  adding  the  withir.  sum  of  squares  and 
the  between  sum  of  squares. 

Each  of  the  sums  of  squares  was  divided  by  the  corresponding  degrees  of  freedom 
(3S  for  "within  ",  J  fur  "betwee.i"  and  3d  for  the  total)  to  obtain  the  mean  squares  or 
varianc  •  cstii.ntes.  The  s.,uare  root  of  the  total  var.aiice  estimate  is  the  standard 
dev. at. o  fir  the  *ulal  group.  The  variance  or  "f"'  ratio  was  then  computed  by  clivid- 
liig  the  between  mean  Square  by  the  within  mean  square  fur  each  joint  motion. 

Between  Mean  Square 
Within  Mean  Square 

3 
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SECTION  U1 


RESULTS 


A.  Analysis  of  Vsfianco 

Reference  to  a  table  of  F  ratios  indicated  that,  with  3  degrees  of  freedom  for  the 
between  mean  square  and  3S  degrees  of  freedom  for  the  within  mean  square,  a  ratio  ' 
of  Z.  37  w«s  sigRtficant  at  the  level  and  a  ra*io  of  4. 40  was  significant  at  tho-  )%■ 
level.  This  means  th;>*  for  those  motions  where  the  F  ratio  is  equal  to  or  greater 
than  the  5%  level  value,  the  difference  among  the  subgroup^  are  greater  than  would 
be  expected  by  chance  alone  95%  of  the  time.  Out  of  a  total  of  fcrty>three  move* 
ments  studied,  twelve  or  28%  had  F  ratios  which  were  significant  at  either  the .5% 
or  1%  level  (Table  11). 


TABLE  U 

F  Ratios  Significant  at  the  S%  Level 


1.  Wrist. Flexion  4.04 

2.  Shoulder, Adduction  4.06 

3.  Hip,  Lateral  Rotation,  Sitting  3. OS 

4.  Knee.  Voluntary  Flexion.  Standing  3. 3S 

5.  Ankle,  Extension  4. 14 


F  Ratios  Significant  at  the  1%  Level 

F 


6.  Wrist.  Total  Flexion 'Extension  Angle  4.92 

7.  Hip.  Flexion  4.  S3 

8.  Knee,  Voluntary  Flexion.  Prone  8.10 

9.  Knee,  Forced  Flexion.  Prone  8.34 

10.  Knee,  Forced  llcxion.  Kneeling  14.38 

11.  Ankle,  flexion  S.  49 

12.  Ankle,  Total  Flexion 'Extension  Angle  7.00  . 


Thus  there  appears  to  be  a  sigmficant  relationship  between  range  of  joint  motion 
and  physique  for  about  one  •quarter  of  the  cases.  Some  of  these  motions  are  pr  '.bably 
correlated  with  each  other,  such  as  the  four  knse  movements,  the  two  wrist  move' 
ments,  and  the  three  ankle  movements.  The  F  tests  corresponding  to  these  motions 
therefore  cannot  be  considered  independent  tests;  separate  tes  .  on  motions  which 
arc  correlated  f>rc  to  some  extent  spur;ous.  This  condition  of  possible  nonindepeo' 
dence  should  be  considered  in  the  interpretation  of  these  results.  Tabic  111  ranks 
the  mean  mobility  values  of  the  four  subgreups  '^or  the  twelve  motions  statistically 
related  to  physique.  The  rotunvl  group  in  every  case  has  the  lowest  mobility,  and 
the  tbui  group  has  the  highest  mobility  in  seven  cut  of  the  twelve  cases.  A  general 
lanking  from  low  to  high  is  rotund,  muscular,  mc-'.ian,  and  thin. 
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TABLE  m 


Rank  of  Mean  Mobilities  of  Physique  Croups 


LOW  HIGH 


Motion 

•  _1_ 

_2^ 

i- 

JL 

1. 

Wrist>  Flexion 

Rotund 

Muscular 

Median 

■"h-. 

2. 

Slioulder,A<Mugtio« 

Rotund 

Muscular 

Median 

T’  in 

3. 

Hip,  Lateral  Rotation,  Sitting 

Rotund 

Muscular 

Median 

Thiir 

4. 

Knee,  Voluntary  Flexion,  Star''ing 

Rotund 

Median 

Thin 

Muscular 

c 

w* 

Ankle,  Extension 

Rotund 

.*hin 

Median 

Muscular 

6. 

Wrist,  Total  Flexion  -Extension  Angle 

Rotund 

Muscular 

rhin 

Median 

7. 

Hip,  Flexion 

Rotund 

Thin 

Median 

Muscular 

8. 

Knee,  Voluntary  Flexion,  Prone 

Rotund 

Median 

Muscular 

Thin 

9. 

Knee,  Forced  Flexion,  Prone 

Rotund 

Mei.ian 

Muscular 

Thin 

10. 

Knee,  Forced  Flexion,  Standing 

Rotund 

Muscular 

Median 

Thin 

11. 

Ankle,  Flevion 

Rotund 

Muscular 

Median 

Thin 

12. 

Ankle,  Total  Flexion -Extension  Angle 

Uotund 

Thin 

Muscular 

Median 

In  spite  of  th.  lact  that  Dempster's  series  was  highly  selected,  the  subgroup  date 
are  pooled  rod  presented  below.  This  was  deemed  a  reasonably  valid  procedure  for 
various  reasons. 

1.  Only  about  one*<|uarter  of  the  movements  are  significantly  related  to  physique. 

2.  Some  of  the  differences  in  mobility  among  the  various  physique  groups  will 
undoubtedly  be  cancelled  out  if  the  group  statistics  are  pooled. 

3.  The  difiereoces  among  subgroup  mobility  statistics  are  generally  small  from 
a  piactical  standpoint. 

4.  Dempster's  study  is  more  complete  from  all  standpoirt.  than  any  other  study. 
Thus,  in  spite  of  the  sclectedness  of  the  sample,  the  advantages  resulting 
from  the  completeness  of  the  study  and  the  accurate  descriptions  of  procedures 
probably  outweigh  any  other  inadequacies. 

B.  Joint  Movements 

In  this  subsection  each  joint  movement  is  desc'-ibed  .'nd  illusirated.  The  mean 
values  were  taken  from  Den:ptter's  report  and  the  standard  deviations  have  been 
derived  from  the  analysis  of  the  subgroup  data.  Design  ranges  of  the  mean  plus  and 
minus  two  standard  deviations  (S.  D.)  are  presented  for  each  motion  for  the  entire 
senes  of  thirty -'nine  young  men.  These  design  ranges  include  about  of  the  sam* 
pie.  All  values  are  expressed  in  degrees. 
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A  buinmairy  t4bl«  uf  the  statistical  analyst*  appear*  in  the  Appendix. 


Many  of  the  movement  descnptir>is  involved  the  bod>  segm-r.i  link  lii-,<  .  * 
Uempster  defines  a*  "The  straight  line  ii/hich  interconnects  two  adjacent  jo  *  ’ 
ler*-.-'*  <p.  «**).  These  were  estimated  on  thi:  phutograchs  in  order  to  obt<- 
measurements.  For  the  practical  purposes  to  whu  h  the  data  oi  this  report  n 
be  applied,  the  link  line  can  be  approximated  by  the  lung  axis  of  «he  body  sr.^- 
in  4ue*taon. 


No.  1  -  Wrist,  Flexion 


Mean  90 

S.  U  12 

Mean4-2S.O.  114 
Mean  •  2  S.  O.  6b 


The  subject  stands  with  the  dorsal  sur* 
face  of  the  hand  on  a  table,  the  reference 
plate  pressed  against  the  pai  n.  The  fore¬ 
arm  IS  supinated  and  maxinrally  flexed. 

The  angle  i*  measured  between  the  forearm 
link  line  and  the  reference  plate. 


o 
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1/ 


'  A  ricii€xtt;naion 


Mean  99 

S.l).  H 

‘.‘ttfar.  f  i  S>  O.  1 25 

M-an-2S.D.  /I 


Total  Flevxun* 
Exttnaion  Ant^ie 

189 

21 

231 

147 


"he  snbjert  oTand*  >bitti  KU 

a'*ay  from  his  body,  his  palm 
I-  table.  The  forearm  is  vertica' 
..-pinated..  The  wrist  is  bent  to  max- 
'  extension.  The  angle  is  measured 
'  ‘.ten  the  forearm  link  line  and  the 
r.onial  plane  represented  by  the  top 
:Ve  table.  The  total  angle  is  measured 
■  .en  the  maximum  flexion  and  max* 

•1  ey*ene\on  pcsi'ions. 


No.  3  -  Wrist, Adduction  and  Abduction 

A 'Adduction  B -Abduction  Total 


Mean 

47 

27 

74 

S.D. 

7 

9 

13 

Mean  f  2  S.  D. 

61 

45 

100 

Mean  -  2  S.  0. 

33 

9 

48 

The  subject  sia-ids  «itb  the  palm  of  tne 
hand  held  flat  .*gainst  the  vertical  back  of 
the  work  table  by  the  restraining  gear.  The 
forearm  is  bent  at  the  wrist  to  extreme 
adduction  (towards  the  body)  and  then  to 
maximum  abductic’^  (away  from  the  body). 
The  angles  are  measured  between  the  line  of 
the  forearm  link  ».id  a  line  passing  through 
the  center  of  the  third  digit.  The  total  angle 
IS  measured  between  the  maximum  adduct¬ 
ion  position  and  the  maximum  abduction 
position. 
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No.  4  »  Forearm,  Supinatiow 


Mcin  tl3" 

S.  3.  22 

Mean4-2S.D.  1S7  . 
Mem  >  2  S.  O.  .  b.9  ' 


The  tubject  oit*  af  a  table  with  hi* 
upper  arm  vertical  and  the  forearm 
horizontal  on  the  table.  A  rod  i«  graeped 
in  the  doted  hand.  The  forearm  ia  tup- 
mated  (rotated  palm  upward)  to  the  max¬ 
imal  position.  The  angle  is  measured  be¬ 
tween  the  vertical  and  a  line  passing 
through  the  long  axis  of  the  grip  rod  at 
the  thumb  end.  * 


Total  Pronation- 
Wo.  S  -  Forearm.Pronation  Supination  Angle 


Mean 

77 

190 

S.  D. 

24 

30 

Mean  4-  2  S.  D. 

125 

250 

Mean  -  2  S.  O. 

29 

130 

The  subje't  sits  at  a  table  with  the  upper 
arm  vertical  and  the  forearm  horizontal  on 
the  table.  A  rod  is  grasped  ia  the  closed  hand. 
The  forearm  is  pronrted  (rotated  palm  down¬ 
wards)  to  the  maximum  positio'..  The  angle  is 
measured  between  the  vertical  and  a  line  pass¬ 
ing  through  the  long  axis  of  the  grip  rod  at  the 
thumb  end.  The  total  angle  is  measured  be¬ 
tween  the  maximum  supi-atioo  and  maximum 
prona'iun  positirns. 
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Mc»a  !42 

S.D.  10 

Mean  2  S.  D.  1^2 

Mean  -2  5.0.  122 

The  subject  sit.i  with  h:s  siac  towards 

the  tabic,  with  the  back  of  the  haod  facing 
laterally.  The  arm  is  supported  horizon* 
tally  on  a  block,  the  forearm  bent  to  ex¬ 
treme  flexion  with  hand  over  the  shoulder. 
The  angle  is  measured  between  the  projec¬ 
tion  of  the  arm  link  line  and  the  forearm  link 
line. 


No.  1  -  Shoulder.  Flexion  and  Extension 


A  -Flexion 

B  -Extension 

Total 

Mean 

1S8 

bl 

249 

S.D. 

12 

14 

19 

Mean  f 

2  S.D.  212 

89 

287 

Mean  - 

2  S.D.  Ib4 

33 

211 

The  subject  lies  supine  upon  the  table, 
the  straightened  limb  free  to  rotate  past 
the  edge  of  the  table.  In  flexion,  the  arm 
IS  swung  1.'.  the  sagittal  plane  to  the  max- 
itnum  overhead  position,  and  the  angle  is 
measured  between  the  arm  link  line  and  the 
table  horizontal.  In  extension,  the  arm 
hangs  to  the  maximum  limit  of  movem-nt 
in  the  sagittal  plane  over  the  edge  of  •  x 
table.  The  angles  are  measured  between 
the  arnri  link  line  and  the  table  horizontal. 
The  total  angle  is  measured  between  the 
arm  link  line  in  the  flexion  position  and  the 
arnr:  link  line  in  the  extension  position. 
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N  >.  to  -  H«y,  F1«mob 


Mean  113 

S.D.  13 

Mcanl-^S.D.  139 

Mean  •  2  S.  O.  8? 

The  subject  lie*  supine  upon  the  table 
»ith  a  block  undet  the  buttock.  A  special 
pelvic  guide  is  adjusted  so  that  it  lies  over 
the  right  and  left  anterior-superior  spines 
of  the  ilium  and  the  pubic  symphysis.  A 
reference  rod  attached  to  the  pelvic  guide 
IS  adjusted  to  a  hortnmtal  positron.  The 
knee  is  bent  and  the  hip  is  marimaily 'flexed 
in  the  sagittal  plane  until  the  reference  rod 
begins  to  tilt  away  from  th'«  horiaontal.  The 
angle  is  measured  bei'*''r"'.'n  thigh  link  line 
and  the  reference  rod. 


No.  11  -Hip,  Adduction  and  Abduction 


A -Adduction  B -Abduction  Tot; 


Mean 

31 

51 

84 

S.D. 

12 

12 

14 

Mean  f  2  S.  D. 

Si 

77 

112 

Mean  >  2  S.D. 

7 

29 

5(> 

The  subject  lies  supine  upon  the  table.  A 
horizontal  reference  rod  is  placed  across  the 
anterior-superior  spines  o«  the  pelvis.  The 
knee  is  bent  to  90®,  keeping  the  heel  in  con¬ 
tact  with  the  table  tup.  In  adduction  the  kner 
and  thigh  are  turned  in  toward  the  midline  of 
the  body.  In  abduction,  the  kr.ev  and  thigh  are 
turned  outward.  The  two  angles  are  measure- 
between  the  thigh  link  line  and  a  line  perpen¬ 
dicular  to  the  pelvic  reference  rod.  The  total 
angle  is  meacured  between  the  thigh  link  liner 
in  the  extreme  abduction  ard  adduc'ion  posi¬ 
tions. 
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J  ^ 


Bourdon.  Prone 


A  •Medial  B  'L  ate  ral  T  otal 


Mean 

S.O. 

Mean  e  2  D. 
Mean  -  i2  S.  D. 


14 

73 

10 

10 

16 

59 

54 

105 

19 

14 

41 

The  lice  prone  upon  the  table  with 

the  knee  beat  co  90°  and  the  leg  in  a  vertical 
position.  A  barir.ontol  reference  rod  is  placed 
transversely  across  the  back  of  the  pelvi».  In 
medial  rotatioa.  the  leg  is  swung  inward.  In 
lateral  rotation,  the  leg  is  swung  outward. 

The  two  angles  are  measured  between  the 
lirk  line  i^rd  a  perpendicular  to  the  horizontal 
reference  rod.  The  total  angle  is  measured 
between  the  teg  link  lines  in  the  maximum 
medial  and  lozerol  positions. 


No.  IJ  -  Hip,  Medial  and  Lateral  Rotation, 
Sitting 


A  • 

Medial 

B  'Lateral 

Total 

Mean 

11 

30 

61 

•i 

S.D. 

9 

9 

14 

Mean  4  2  S.  0. 

49 

48 

89 

Mean  •  2  S.D. 

13 

12 

33 

The  subject  sits  on  the  table  with  the  thigh 
horizontal  and  the  leg  hanging  over  the  edge. 

In  medial  rotation,  the  lower  leg  and  foot  arc 
swung  medially  to  the  limit  of  rotation,  la 
lateral  rotation,  the  lower  leg  and  foot  are 
swung  latersUy  to  the  limit.  Both  angles  arc 
ineasuisd  between  the  leg  link  line  and  the  ver* 
ticol.  The  total  angle  is  measured  between 
the  leg  link  lines  foi  the  extreme  Istcril  and 
medial  positions. 
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voium*ry  i  ttgccu 

Flexion, Prone 


A  -Voluntary  B  -Forced 
Flexion  Flexion 


12S 

144 

S.O. 

Mean  ^  2  S.  D. 

145 

162 

Mean  -  2  S.  D. 

105 

126 

The  subject  lies  prone  on  the  table  top. 
the  region  above  the  kneecap  supported  by 
a  small  block.  The  knee  is  flexed  tP  the 
maximum  position  possible  without  assis¬ 
tance.  In  forced  flexion,  the  subject  grasps 
the  foot,  forcing  the  calf  tightly  against  the 
thigh.  The  angles  are  measured  between 
the  leg  link  line  and  the  projection  of  the 
thigh  link  line. 


No.  IS  «  Knee,  Voluntary  Flexion,  Standing 


Mean  1 1 S 

S.  D.  II 

Mean  f  2  S  O.  119 

Mean  -  Z  S.D.  87 


Ihc  subject  stands  with  his  weight  on 
one  foot.  On  the  test  limb  the  thigh  is  held 
straight  and  the  leg  is  slowly  flexed  at  the 
knee  to  the  maximum.  The  angle  is  mea¬ 
sured  beiween  the  projection  of  tne  thigh 
link  line  and  leg  link  line. 
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>6  -  Knee,  Forced  Flexion,  Kneeling 


Mean 

S.D. 

Mean  f  £  S.  D. 
Mean  •  Z  S.  D. 


159 

9 

177 

141 


The  subject  assumes  a  kneeling  position, 
.’h  the  trunk  vertical  and  the  weight  of  the 
I'ly  forcing  maicinium  knee  flexion.  The 
.'i,;le  between  the  thigh  link  line  and  pro> 

:•  :<  tion  of  the  leg  link  line  is  measured. 


No.  17  -  Knee,  Medial  and  Lateral  Rot. it. jr. 


A- 

Medial 

B  -Lateral 

Rotation 

Rotation 

Total 

Mean 

S5 

43 

T6 

S.D. 

.  12 

12 

Mean  4  2  S.  D. 

59 

67 

till 

Mean  -  2  S.  D. 

11 

19 

16 

The  subject  stands  beside  the  table.  «r' 
his  upper  leg  about  45®  to  the  vertical.  *• 
test  foot  IS  resting  on  a  tvrrt.ihle  vrtl^  ■'  • 
lower  leg  vertical  and  the  tnl'Ie  abjv-  the 
center  of  the  turntable.  The  eiiee  is  ndd 
against  a  block  on  the  tsnl*.  The  evpen 
menter  rotates  th*  tuint^ble  n.edisit  n 
laterally  to  the  limit  of  motion.  The  «nk.i 
between  the  toe -forward  position  and  the  ■ 
treme  medial  and  lateral  positions  are  re¬ 
corded.  The  total  angle  between  the  medial 
and  lateral  rotation  positions  is  measured. 


W.hOC  TN  57-311 


14 
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i 

I 


■  A  VU.  Fli-xion  .<!ni  Exlenn.on 


A'FlfXion  B -Extention  Total 


Mean 

38 

73 

o.  U. 

7 

U 

14 

Mean  ^  S. 

4V 

tc. 

ibi 

Mean  -  ’  S.  D 

ll 

14 

45 

riM  l•ui>J«ct  stantik  i»i(l4'«ay*  on  a  box  with 
thigh  horizontal  and  the  luot  on  a  table  top. 

..  tlerion  the  body  and  leg  arc  bent  forward  to 
;‘e  maximum  flexed  poaitiun  of  the  ankle.  In 
'■  Mia. on  the  aiikle  on  the  aide  being  measured 
'Taigktened  maximally,  which  is  done  by 
.1  i  iiig  the  trunk  and  the  other  leg  backward. 

I'he  angles  are  measured  between  the  vertical 
‘id  the  log  liiix  line  in  the  flexion  and  extension 
osaiont.-  Ihe  total  angle  is  measured  between 
till  leg  link  lines  in  the  maximum  flexion  and 
okicnsion  positio.is. 


No.  19  -  Foot,  Invc rsion  and  Eversion 


A  Inversion  B  »E version  Total 


Mean 

24 

2) 

4/ 

S.D. 

9 

7 

1 1 

Mean  f  2  S.  D. 

42 

37 

73 

Mean  t  S.  D. 

6 

9 

21 

The  subject  stands  with  .its  foot  on  a  box. 
toes  pointing  directly  forward.  In  inversion, 
the  knee  and  leg  are  swung  inward  with  the 
foot  sole  kept  horizontally  on  the  box  surface.; 
In  eversion,  the  knee  and  leg  are  swung  ont- 
ward.  The  angles  are  measured  ortween  the 
leg  link  line  and  the  vertical.  The  total  angle 
IS  measured  between  the  leg  link  lines  in  the 
maximum  inverted  and  everted  positions. 


IS 
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UcM  192 

S.p,  T 

Mean  4-  2  S.  D.  1 16 

Mean  -  2  S.  O.  8« 

The  subject  stands  erect,  the  arm. 
forearm  an-^  hand  hanging  vertically.  A 
1  1/8-inch  wooden  grip  rod  is  held  loosely 
in  the  hand.  The  angle  is  measured  be» 
tween  the  forearm  link  line  and  a  line  run¬ 
ning  through  the  long  axis  of  the  reference 
lod  at  the  thumb  end. 


SECTION  IV 
SUMMARY  AND  CC.ICLUSIONS 

Joint  mobility  data  published  by  Dempster  (19SS)  have  been  rcanalysed  and 
presented  in  a  form  intended  to  be  more  applicable  to  A  r  Force  design  problems. 

The  sample  consisted  of  19  young  men  on  whom  4)  body  joint  movements  were 
studied.  Summary  statistics,  descriptions,  and  illustrations  of  the  movements  are 
presented. 

Data  in  this  report  can  be  used  to  provide  -ntimates  of  the  normal  range  of  joint 
mobility.  The  ir  ean  plus  and  minus  two  st:indard  deviations,  which  include  about 
*5%  of  the  sample,  can  be  used  to  serve  as  reference  standards  for  testing  equipment. 
For  instance,  in  a  piece  of  equipment  such  as  a  pressure  suit  an  effort  should  be  made 
to  provide  mobility  as  near  as  possible  to  the  value  of  the  mean  4  2  S.  D.  Thus  the 
mobility  of  few  individuals  will*  be  restricted,  and  in  this  case  only  at  the  limit  of 
motion.  It  IS,  however,  not  to  be  expected  l^at  any  type  of  pressure  suit  will  achieve 
complete  mobility  for  the  wer.  although  it  is  nevertheless  desirable  to  strive  to¬ 
ward  this  end.  and  any  resti-ict<on  allowed  should  be  minimal.  Acceptable  restrictions 
will  necessarily  have  to  be  arbitrary,  deterii.ined  in  every  case  by  a  cons iJcration  of 
the  problem  at  hand.  Joint  range  data  can  also  serve  as  a  guide  to  movement  capabili- 
ties  in  (.rewatation  design,  •'j.rticularly  in  the  1*m  ation  of  controls.  Controls  should 
be  placed  so  that  the  operator  does  not  have  to  attain  difficult  or  maximum  joirt  po¬ 
sitions. 
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SUMMARY  TABLi:  OF  JOINT  MOVEMENT  RANGES 
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*Comput,frd  r*ro«  ^mputar ,  1*>95»  pp»  l>Y7-l.oe,  110*112 
•Significant  at  5?  laval  of  eonfidenea 
•Significant  at  1?  laval  of  confldanna 


JiUMMAMY  lAliLl.  OK  JOINT  MOVk.MKNl  ItANUKt  (CoM'Uj 
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SlgnJflc*r*.  difference  f.  5t  level  of  confidence 
Slgniflcent  difference  e*.  1<  level  of  confidence 


SUMMARY  TABL.E  OF  JOINT  MOVEMENT  RANGES  (Confd) 
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